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EXECUTIVE SUMMARY

The purpose of this Functional Requirements Document (FRD) is to compile the functional
requirements needed to achieve the Access 5 Vision of “operating High Altitude, Long
Endurance (HALE) Unmanned Aircraft Systems (UAS) routinely, safely, and reliably in the
national airspace system (NAS)” for Step 1. These functional requirements will be used by
Access 5 to develop a minimum set of policies, procedures and standards that can be proposed to
the Federal Aviation Administration (FAA) and various standards organizations for
consideration. It is envisioned that this comprehensive body of work will enable the FAA to
establish and approve regulations to govern safe operation of UAS in the NAS on a routine or
daily "file and fly" basis.

The approach used to derive the functional requirements found within this FRD was to
decompose the operational requirements and objectives identified within the Access 5 Concept
of Operations (CONOPs) into the functions needed to routinely and safely operate a HALE UAS
in the NAS. Once these functions were identified, a functional architecture was developed to
accommodate these functions. As a result, four major functional areas evolved to enable routine
and safe UAS operations for an on-demand basis in the NAS. These four major functions are:
Aviate, Navigate, Communicate, and Avoid Hazards. All of the functional requirements within
this document can be directly traceable to one of these four major functions. Some functions,
however, are traceable to several, or even all, of these four major functions. These cross-cutting
functional requirements support the “Command / Control” function as well as the “Manage
Contingencies” function. The requirements associated to these high-level functions and all of
their supporting low-level functions are addressed in subsequent sections of this document.
Where appropriate, rationale and justification has been provided to support each of the functional
requirements within this FRD.

To ensure the requirements are necessary and sufficient, validation and verification processes
will be used throughout the Access 5 project. The validation process will ensure each of these
requirements is unambiguous, correct, complete, consistent, operationally and technically
feasible, and verifiable. The verification process will demonstrate that a potential solution can
meet the low-level functional and performance requirements demonstrating that the system is
ready for use in the operational environment.

Several appendices are included at the end of this FRD to identify requirement traceability
throughout the requirements hierarchy. Both tabular and graphic depictions of this traceability
are provided.



1 INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of this Functional Requirements Document (FRD) is to compile the necessary
functional requirements to achieve the Access 5 Vision of “operating High Altitude, Long
Endurance (HALE) Unmanned Aircraft Systems (UAS) routinely, safely, and reliably in the
National Airspace System (NAS)™'. These requirements will then be used by Access 5 to develop
the recommended policies, procedures and standards necessary for HALE UAS to have same-
day “file and fly” access to the NAS.

The scope of this FRD is focused on capturing the functional requirements specifically needed to
meet the Access 5 Step 1 objective of routine operations within the NAS above 43,000 feet.
These functional requirements were identified by performing a thorough functional analysis of a
UAS, whereby the major functions of a UAS were identified and then organized into a functional
architecture. To assist in this process, several work packages were created to develop the low-
level functional requirements related to several of these major functional areas. Although Step 1
of Access 5 may not have a specific Work Package associated with each functional area, those
areas unique to unmanned aircraft have been the initial focus.

1.2 ACCESS 5 OVERVIEW

Access 5 is a national project sponsored by the National Aeronautics and Space Administration
(NASA) and Industry with participation by the Federal Aviation Administration (FAA),
Department of Defense (DoD) and Department of Homeland Security (DHS) promoting the safe
and reliable operation of HALE UAS within the NAS for civil and commercial applications.
This team of government and industry partners are focusing their resources on developing the
necessary policies, procedures, and standards to enable companies to apply for FAA certification
and approval to operate their civil/commercial UAS in the NAS.

The goal of Access 5 is to enable what government and industry leaders believe will ultimately
be a robust civil and commercial market for HALE UAS. While Access 5’s primary focus is to
address airspace access of unmanned aircraft within the domestic NAS, it is also working with
the international community to ensure what is done in the United States will not inhibit the
introduction of UAS into the global airspace in the future.

Access 5 is taking an incremental approach for introducing HALE UAS into the NAS. HALE
was chosen as the focus because HALE aircraft are more mature systems and can operate above
most air traffic, making this class of UAS a good candidate for initial introduction into the NAS.
It is believed, however, that Access 5 will also lay the groundwork for the future introduction of
other classes of UAS. Access 5 will achieve its goal by systematically addressing access to the
NAS in four discrete steps of increasing complexity and capability:

' Access 5 Project Readiness Review (PRR) Presentation Dallas, TX; February 10 — 11, 2004.
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Step 1: Routine operations above Flight Level (FL) 430 through pre-coordinated airspace
with emergency landings at pre-coordinated airports; and recommendations for obtaining an
experimental certification

Step 2: Routine operations above FL 180 through pre-coordinated airspace with emergency
landings at pre-coordinated airports; and recommendations for obtaining a type certification

Step 3: Routine operations above FL 180 through C, D, and E airspace with emergency
landing at pre-coordinated airports; and recommendations for obtaining a special
airworthiness certification

Step 4: Routine operations above FL 180 through C, D, and E airspace with emergency
landings at any UAS designated airport; and recommendations for obtaining a standard
airworthiness certification

1.3 DOCUMENT ORGANIZATION

This document is organized into the following sections:

Section 1 — Introduction: States the background, purpose and scope of this requirements
document, including its relationship to the Access 5 project.

Section 2 — Access 5 Requirements Analysis Process: Identifies the hierarchical structure of
requirements adopted by Access 5 and describes the approach used to develop the Operational,
Functional, and Performance Requirements for a UAS.

Section 3 — HALE UAS Description: Defines what comprises a HALE UAS and identifies the
operational requirements needed for safe and routine UAS operations within the NAS.

Section 4 — UAS Functional Analysis: Identifies the functional architecture used to capture the
major functions of an unmanned aircraft system.

Section 5 — UAS Functional Requirements: Specifies the functional requirements for a UAS
in accordance with the Functional Architecture established in Section 4.

Section 6 — Requirements Validation / Verification: Specifies the rationale for conducting
verification of the functional requirements identified under this project and the different methods
to be used.

Section 7 — References: Provides the references used in the creation of this FRD.
Appendix A — Acronyms: Provides a list of the acronyms used within this document.
Appendix B — Definitions: Provides definitions for the unique words found within.

Appendix C — UAS Requirements Wiring Diagram: Provides a wiring diagram of the UAS
Functional Requirements showing traceability throughout every level of our UAS requirements.

Appendix D — Operational/Functional Traceability Matrix: Provides a traceability Matrix
between the Operational and Functional Requirements.



2 ACCESS 5 REQUIREMENTS ANALYSIS PROCESS

21 REQUIREMENTS ANALYSIS

Requirements Analysis involves defining the needs and objectives of a particular system in the
context of how the system is employed, what type of environment it will be used within, and
what type of system characteristics it is intended to possess®. The purpose of performing
requirements analysis is extensive. First and foremost, requirements analysis should result in a
clear understanding of the functions (what the system has to do), their interfaces (environment in
which the system will perform) and their necessary level of performance (how well the system
should perform) in order to meet the intended operational concept of the system.

2.2 REQUIREMENTS PERSPECTIVE

The requirements that result from performing requirements analysis can be expressed in three
different perspectives or views. These three views are: Operational, Functional, and Physical.
The Operational View addresses how the system will serve its users and is useful when
establishing requirements of “how well” and “under what condition.” The Functional View
focuses on “what” the system must do to produce the required operational behavior. Lastly, the
Physical View focuses on “how” the system is constructed and establishes the physical interfaces
among operators and equipment as well as technology requirements’.

Although all three views are essential to fully understand the customer’s needs and objectives for
a system, Access 5 will only be considering the Operational and Functional perspectives. The
Physical perspective is not being considered because Access 5 is not developing or certifying any
specific unmanned aircraft system. Therefore, the physical components and interfaces are
considered design specific and therefore outside the scope of Access 5. The Access 5 Concept of
Operations (CONOPs) is intended to provide the Operational View, while the Access 5
Functional Requirements Documents will provide the Functional View.

2.3 REQUIREMENTS HIERARCHY

There are several different levels or categories of requirements. The highest-level requirements
are Operational Requirements. Functional, Performance, and Design requirements then flow
from these. Functional requirements are derived from the Operational ones; Performance
requirements are derived from the Functional ones; and Design requirements are derived from
the Performance requirements; as shown in Figure 1. For added clarity, each of these different
levels of requirements is defined in the subsequent sections. In addition, Figure 2 articulates
what Access 5 deliverable will contain these different levels of requirements.

? Systems Engineering Fundamentals, Defense Acquisition University Press. Requirements Analysis, Pg. 36.
January 2001.
? Ibid. Pg. 38-39.
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2.3.1 OPERATIONAL REQUIREMENTS

Operational requirements define what is necessary for the system to operate within the existing
rules and constraints (see the top tier of Figures 1 and 2). Since these rules and constraints do
not currently exist for UAS, Access 5 is working very closely with the FAA and various
standards organizations to help establish what policies, procedures, and standards UAS will be
required to meet in the future. Specifically, the Access 5 operational requirements should
identify where the system will be used, how the system will accomplish its mission objectives,
and what environment the system will be expected to operate within®. This level of requirements
is captured within the Access 5 CONOPs document.

23.2 FUNCTIONAL REQUIREMENTS

Functional requirements state the necessary task, action, or activity that must be accomplished.
Regarding the requirements analysis process, functional requirements (what has to be done)
should be used when performing functional analysis’. There may also be different levels of
functional requirements. The high-level functional requirements provide the necessary
functionality to meet the operational requirements, while the low-level functional requirements
are functional requirements that are derived from the high-level functional requirements to
provide further clarification. With respect to Access 5, the high-level functional requirements
are captured within the Access 5 FRD (this document) and the low-level Functional
Requirements are captured within the Work Package specific FRDs (see the 2™ and 3™ tiers of
Figures 1 and 2).

2.3.3 PERFORMANCE REQUIREMENTS

Performance requirements define how well the system must perform its intended function (e.g.
accuracy, fidelity, range, resolution, and response times)’. During requirements analysis,
performance requirements are defined such that the functional requirement they relate to can be
verified using a quantified performance value. The Access 5 Work Package specific FRDs will
capture Performance “Guidelines” within the documents appendices as opposed to Performance
Requirements. The reason for this distinction between requirements and guidelines is due to the
nature of the requirements Access 5 is developing. Since Access 5 is not focused on any
particular UAS architecture or platform it is very difficult to specify performance requirements
that will accommodate all UAS. Therefore, performance guidelines are being suggested as the
notional requirements that should be adequate for most platforms but may not satisfy all possible
cases at different ends of the spectrum (see the 4™ tier from the top in Figures 1 and 2).

2.3.4 DESIGN REQUIREMENTS

Design requirements are the “build to” or “code to” requirements’ for products and are very
design and implementation specific. Since Access 5 is not certifying any platforms or designing
any specific solutions, no Access 5 resources are being spent at this level of the requirements
chain (see the bottom tier of Figures 1 and 2).

* Systems Engineering Fundamentals, Defense Acquisition University Press. Requirements Analysis, Pg. 36.
January 2001.

> Ibid.

% Ibid.

7 Ibid.



3 HALE UAS DESCRIPTION

3.1 HALE UAS DEFINITION

An Unmanned Aircraft System is an unmanned aircraft that is remotely operated from a control
station by a pilot that issues command and control instructions to the aircraft, which are executed
by an onboard flight management control system. A HALE UAS is an unmanned aircraft
capable of performing mission objectives at an altitude above 18,000-feet mean sea level (MSL)
with sufficient cruise capability to transit the NAS.

Any UAS is comprised of three major elements as portrayed in Figure 3 below. These elements
are: 1) the Control Station, 2) the Unmanned Aircraft, and 3) the Command/Control Links.

e The Control Station (CS) is a site configured to allow the pilot in command of the UAS
to operate and monitor all UAS operations conducted under his/her authority. The UAS
pilot is considered to be an integral part of the Control Station.

e The Unmanned Aircraft (UA) is the unmanned platform capable of flight in the air. This
could include a fixed wing airplane, a helicopter, or a balloon.

e The Command/Control (C2) Link is the two-way data link between the Control Station
and the Unmanned Aircraft that is used to control the UA and monitor the health/status of
onboard systems.

Control .
Station

Figure 3: Notional Unmanned Aircraft System



3.2 ACCESS 5 OPERATIONAL REQUIREMENTS

As discussed in Section 2, the very top level in the requirements hierarchy is the operational
requirements level. These operational requirements should identify where the system will be
used, how the system will accomplish its mission objectives, and what environment the system
will be expected to operate within. The following table identifies the HALE UAS operational
requirements. These requirements specify the operational capabilities needed by a HALE UAS
to enable it to operate routinely and safely in the NAS. Table 1 captures these Operational

Requirements as identified in the Access 5 CONOPs".

Requirement

Table 1: Access 5 Operational Requirements

Operational

Number Requirement
Overall
Operational | UAS shall operate routinely and safely in the NAS.
Requirement
o1 UAS shall be airworthy.

01.1 | The UAS shall be registered with the FAA.

01.2 | The UAS shall obtain and maintain a standard airworthiness certificate.

01.3 | The UAS shall meet an equivalent level of safety to that of a manned general aviation
aircraft.

02 UAS shall be operated safely in the NAS.

02.1 | UAS operations shall comply with all applicable 14 CFR Part 91 requirements.

02.2 | The UAS shall obtain and maintain the necessary operating certificates for 14 CFR Part 91
commercial operations (maintenance, training, etc).

02.3 | UAS flight operations shall be conducted under Instrument Flight Rules (IFR).

02.4 | The UAS shall operate under the same separation standards required for manned aircraft
per FAA 7110.65.

02.5 | An authorized and qualified pilot shall be responsible for the safe flight of each UA.

02.6 | The UAS shall operate in a predictable manner similar to that of manned aircraft in the
event of an emergency or other contingency situation.

02.7 | UAS shall utilize authorized frequency spectrum for command, control, communications
and payloads.

These operational requirements are captured in this FRD because the UAS Functional
Requirements discussed later within this document are directly related to one or more of these
operational requirements. It is essential that each functional requirement be traceable to at least
one of these Access 5 Operational Requirements. Appendix D provides a traceability matrix

between these operational and functional requirements.

¥ Access 5 Concept of Operations, Version 2.0, Pg. TBD. Aug 2005. (This document is also being revised at the

present time.)




4 UAS FUNCTIONAL ANALYSIS

This section describes the framework used to perform the functional analysis on a UAS as well
as the rationale used for utilizing this architecture.

41 FUNCTIONAL ANALYSIS

The purpose of functional analysis is to transform the functional, performance, and interface
requirements that were identified through requirements analysis into a coherent description of
system functions that the system must be capable of doing. These functions should be discrete
actions (using action verbs) necessary to achieve system objectives’.

In order to develop functional requirements for any system, a functional analysis of the system
should be performed. Functional analysis provides a system description that becomes a
framework for developing requirements and architectures. The Access 5 functional analysis
examines the UAS functions and sub-functions necessary to accomplish the operational concept
identified in the Access 5 CONOPs. This process is iterated until the system is completely
decomposed into basic sub-functions, and each sub-function at the lowest level is completely,
simply, and uniquely defined by its requirements. The result of this process is a functional
architecture where system requirements can be identified, decomposed, and derived.'’

4.2 FUNCTIONAL VS PHYSICAL ARCHITECTURE

The previous version of the Access 5 FRD'' separated each of the initial UAS functional
requirements according to a physical architecture that was comprised of three major elements:
(1) Air Vehicle Element, (2) Control Element and (3) Communications Element. It was
determined that many of these functional requirements could actually pertain to more than one of
these physical elements. For example, one manufacturer may assign a collision avoidance
function to the control station while another may prefer to implement that same function onboard
the unmanned aircraft. Furthermore, assigning a functional requirement to one of the physical
elements inadvertently promotes a particular design or implementation to the UAS industry. To
prevent this from occurring, it was decided that a functional architecture would much better meet
the needs of Access 5; particularly since Access 5 does not intend to certify any specific
unmanned aircraft system. A functional architecture should therefore provide the necessary
flexibility to the manufacturers by allowing each one the ability to decide where best to
implement each function within their specific UAS.

? Systems Engineering Fundamentals, Defense Acquisition University Press. Requirements Analysis, Pg. 45.
January 2001.

1 “Section 4.4: Functional Analysis” NAS System Engineering Manual. Version 3.0, 30 September 2004

" Access 5 Functional Requirements Document, Revision 1, 5 September 2003.
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4.3 UAS HIGH-LEVEL FUNCTIONS

To determine what high-level functions Access 5 would use to capture the essence of an
unmanned aircraft system, several different methods were proposed. The different methods
considered included: Phases of Flight; Access 5 Work Packages (how the Access 5 Technology
IPT is organized); NAS Functions of Communication, Navigation, and Surveillance (CNS); and
Airworthiness & Operational Functions.

While many of these proposed approaches could have been used, a concerted effort was made to
select the best approach for meeting the various needs of Access 5. After several meetings
between various Work Package representatives, it was determined that the best approach for
meeting the needs of Access 5 was to decompose the UAS into 4 major functions: Aviate,
Navigate, Communicate, and Avoid Hazards. A depiction of this high-level functional
breakout is shown in Figure 4.

Operate UAS Routinely
& Safely in the NAS

{ AVIATE } [ NAVIGATE } [ COMMUNICATE }

AVOID
HAZARDS

Figure 4: UAS High-Level Functions

The “Aviate, Navigate, Communicate, and Avoid Hazards” functions were chosen for several
reasons. The most basic reason stems from a principle that every pilot is trained to adhere to. For
anyone that has ever taken flying lessons, the first critical piece of information taught to any new
trainee is the 3 major responsibilities of a pilot and the order (priority) in which these
responsibilities should be performed. The first responsibility is to fly the plane (aviate), then fly
it in the right direction (ravigate), and finally state your intentions to others (communicate).
Since the operational concept for a UAS is to operate in the NAS as any other type of aircraft,
this paradigm makes sense for routine operations. In addition, the UAS also needs to be able to
perform a function ensuring that no person or property in the air or on the surface is placed in
danger. The function “Avoid Hazards” was therefore added to Aviate, Navigate and
Communicate due to the necessity to ensure safety when introducing UAS into the NAS. This
function is normally performed by the pilot on-board a manned aircraft. However, the separation
of the pilot from the aircraft in a UAS places additional emphasis on this function. The success
or failure of integrating UAS into the NAS may very well be dependent upon how well they can
perform this particular function.

10



44 UAS LOW-LEVEL FUNCTIONS

Once the high-level functions of the UAS were determined, a functional analysis was performed
to decompose these into their respective low-level functions. These lower level functions are the
focus of the remainder of this FRD (see Section 5), which attempts to capture the HALE UAS
functional requirements and ensures they are traceable back to one of these high-level functions
and at least one of the operational requirements listed in Table 1.

While performing the functional analysis of a UAS, it became apparent that some functions were
common to all four of the high-level functions. These cross-cutting functional areas included
command/control, human systems interface, and contingency management. While the functional
requirements pertaining to command/control and contingency management are discussed in
Section 5.5 (Cross-Cutting Functional Requirements), the HSI functional requirements have been
integrated into the appropriate sections under the Aviate, Navigate, Communicate and Avoid
Hazards Functions. The rationale for keeping the HSI functional requirements together with the
relevant functional area is because the human system interface is considered to be part of the
function itself. If the function were implemented in a fully autonomous manner, then the human
system interface requirement would not be necessary to support the higher level function.

The figure on the following page depicts the UAS low-level functions subordinate to Aviate,
Navigate, Communicate, and Avoid Hazards. In addition, the command/control and contingency
management low level functions are shown as the large purple and orange blocks, respectively,
that span the breadth of the functional architecture. The numbers within each block correspond
to the corresponding paragraph numbers in Section 5.

11
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Figure 5: UAS Low-Level Functions

12



5 UAS FUNCTIONAL REQUIREMENTS

This section attempts to capture the functional requirements needed to operate HALE UAS
safely and routinely in the NAS in accordance with the limitations established under the Access
5 Step 1 objectives. Each of these functional requirements has been allocated to one or more of
the high-level functions (Aviate, Navigate, Communicate, Avoid Hazards) used in developing
the framework for the UAS functional architecture.

At the highest level of this functional architecture, the UAS is identified as the object needing to
perform the required function (i.e. “The UAS shall...”). However, as one looks deeper into the
functional architecture, specific systems responsible for performing the function are identified as
the object of the requirement (i.e. “The Communications System shall...” or “The Collision
Avoidance System shall ...””). As it is used in this context, the word “System” could comprise
functional elements from anywhere within the UAS. The word “System” should therefore be
thought of in the broadest context possible, as it does not imply a single “black box”. The UAS
pilot could even be part of any one of these Systems.

5.1 AVIATE FUNCTIONAL REQUIREMENTS

The UAS shall be able to aviate within the NAS. Aviating includes both controlling and
monitoring the aircraft and all of its systems necessary for launch, climb, maneuver, cruise,
descent, and recovery. Since Step 1 of Access 5 only addresses flight operations above FL 430
the requirements for operating on the surface is reserved for future study. Figure 6 depicts the
functional requirements comprising the overall Aviate Function of a UAS.

AVIATE
|
1 1 | | 1
Maintain
Launch Maneuver Cruise Recover Structural
51. 51.2 513 514 Integrity 545
1 Abort Maneuver Recover During
Launch in the Air Normal
5.1 5.1.21 Operations 51.4.1
Maneuver on Recover During
The Surface Non-Normal
51.2.2 Operations 5142
Enable Pilot To
Maneuver UA Go Around
51.2.3 51.4.3
Enable Pilot To
Monitor Flight
Operations 5124

Figure 6: Aviate Functions
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5.1.1 LAUNCH

The UAS Aviate System shall be able to initiate flight within the NAS. The specific method
used to initiate flight (such as taking off from a runway, being catapulted into the air, dropped
from another aircraft, or being launched from a rocket) is considered a design decision and is not
applicable at this level.

5.1.1.1 Abort Launch

The UAS Aviate System shall be able to abort a launch. Just prior to launch, the UAS
should be able to determine when less than optimal conditions exist for launching the UA.
If so, the UAS should have the capability to cancel the launch and try again at a later time.
This ensures last minute changes in weather or obstructions near the launch area do not
cause an accident or incident.

5.1.2 MANEUVER

The UAS Aviate System shall be able to maneuver the UA within the NAS. In order to aviate
within the NAS, the UA may be required to change its flight path, ground path, or speed.

5.1.2.1 Maneuver in the Air

The UAS Aviate System shall be able to maneuver the UA through the air. In order to
aviate within the air, the UA may be required to change its flight path or speed. The typical
method used to maneuver through the air involves controlling the aircraft’s flight controls
and propulsion system.

5.1.2.1.1 Change Altitude

The UAS Aviate System shall be able to climb or descend to its intended altitude of
operation.

5.1.2.1.2 Change Heading
The UAS Aviate System shall be able to turn left and right to specific headings.

5.1.2.1.3 Change Speed
The UAS Aviate System shall be able to change its airspeed.

5.1.2.2 Maneuver on the Surface

The UAS Aviate System shall be able to maneuver the UA on the surface. In order to
aviate along the surface, the UA may be required to change its ground path, or speed. The
typical method used to maneuver on the surface involves ground steering, manipulating the
flight controls and adjusting the propulsion system. Even such items as a tow truck or
ground crew could be used to maneuver the UA on the surface.

5.1.2.2.1 Change Ground Path
The UAS Aviate System shall be able to change the direction of its ground path.

14



5.1.2.2.2 Change Speed
The UAS Aviate System shall be able to change the speed of its ground path.

5.1.2.3 Enable Pilot to Maneuver UA (HSI F1)

The Human System Interface shall enable the pilot to command flight maneuvers. Flight
maneuvers can include, but are not limited to changing the aircraft’s attitude, altitude,
heading, velocity, and vertical velocity.

5.1.2.4 Enable Pilot to Monitor Flight Operations (HSI F2)

The Human System Interface shall convey information to the pilot to monitor flight
operations. This requirement enables the pilot to determine if the aircraft is following the
intended flight or ground path. This applies regardless of whether the UAS is autonomously
flying to the next waypoint or the pilot is the one inputting specific commands.

5.1.3 CRUISE

The UAS Aviate System shall be able to conduct steady-state (non-accelerating) flight within
the NAS. Since Step 1 of Access 5 assumes UA will operate under instrument flight rules (IFR),
they will need to be able to comply with ATC instructions that may include being told to hold
altitude or maintain heading. This requirement, as worded, includes cruise-climb as a type of
steady state, non-accelerating flight.

5.1.4 RECOVER

The UAS Aviate System shall be able to safely conclude flight operations within the NAS. The
specific method used to conclude flight (such as landing on a runway/landing pad, being caught
by a net, or controlled flight into terrain) is considered a design decision and is not applicable at
this level.

5.1.4.1 Recover During Normal Operations

The UAS Aviate System shall be able to land/recover during normal operations. Normal
operations include all cases that don’t involve dealing with a contingency or anomalous
condition.

5.1.4.2 Recover During Non-normal Operations

The UAS Aviate System shall be able to land/recover during non-normal operations.
Recovery during non-normal operations my include a variety of techniques to include using
parachutes, pre-programmed commands, flight termination systems, or controlled flight into
terrain.

5.1.4.3 Go Around

The UAS Aviate System shall be able to perform a go around maneuver when
landing/recovery operations warrant it. Just prior to recovery, the UAS should be able to
determine when less than optimal conditions exist for recovering the UA. If so, the UAS
should have the capability to cancel the recovery and try again. This ensures last minute
changes in weather or obstructions to the recovery area do not cause an accident or incident.
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5.1.5 MAINTAIN STRUCTURAL INTEGRITY

The UAS Aviate System shall maintain structural integrity as it transits the NAS. Although
further details related to this subject area are reserved for future study, it is still an essential
element for ensuring airworthiness.

5.2 NAVIGATE FUNCTIONAL REQUIREMENTS

The UAS shall be able to navigate within the NAS. The ability to navigate infers the UAS is
capable of maintaining navigational control, which involves maintaining knowledge of the
current position, the destination, and the four dimensional path (latitude, longitude, altitude,
time) to the destination. Navigation can be accomplished both strategically and tactically. While
a traditional flight plan requires more time to complete and would be considered strategic, in-
flight maneuvering would be considered a form of tactical navigation. Figure 7 depicts the
functional requirements comprising the overall Navigate Function of a UAS.

NAVIGATE
5.2

. Determine How Ex Convey ;
Develop Identify Cumrent || |75 Transition To jocuce Nagy ecute Nav. ) | oy inational Update Flight
Mission PI?’PZ y Position 522 | | Destination 53 Command =8 Command . Status 5,6 Plan 527

Access Mission

| Planning Data
5.2.1.1

_ | Evaluate Mission

Planning Data
52.1.2

__| Create Mission
Plan
5.21.3

Record Mission
Plan
521.4

Provide Mission
~ | Planto ATM
5215

Figure 7: Navigate Functions

5.2.1 DEVELOP MISSION PLAN

The UAS Navigation System shall develop a mission plan to cover normal operations and
contingencies. This requirement ensures the UAS can develop a strategic plan for getting to its
intended destination.
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5.2.1.1 Access Mission Planning Data (MP F1)
The UAS Mission Planning System shall access information needed to conduct a flight.

5.2.1.2 Evaluate Mission Planning Data (MP F2)
The UAS Mission Planning System shall evaluate information needed to conduct a flight.

5.2.1.3 Create a Mission Plan (MP F3)

The UAS Mission Planning System shall create a mission plan to include contingency
routes or route segments.

5.2.1.4 Record Mission Plan (MP F4)

The UAS Mission Planning System shall record the mission plan in a manner required by
the unmanned aircraft before flight.

5.2.1.5 Provide Required Information to the ATM System (MP F5)

The UAS Mission Planning System shall submit a flight plan to the air traffic
management (ATM) System.

5.2.2 IDENTIFY CURRENT POSITION

The UAS Navigation System shall be able to identify the current three-dimensional position
(i.e. latitude, longitude, altitude) of the UA with enough accuracy to fly under instrument
flight rules (IFR). 1t is critical for the navigation system to be able to identify its current
position so it may determine how to get to where ever it needs to go.

5.2.3 DETERMINE HOW TO TRANSITION TO DESTINATION

The UAS Navigation System shall be able to determine how to transition to its desired
destination. This is necessary to ensure the UA can determine the next waypoint in accordance
with the current flight plan.

5.2.4 PRODUCE NAVIGATION COMMAND

The UAS Navigation System shall be able to produce navigation commands in accordance
with the current flight plan. The navigation command is used by the Aviate Function to
actually fly the UA along the flight plan to the desired destination in accordance with the current
flight plan.

5.2.5 EXECUTE NAVIGATION COMMAND

The UAS shall execute the navigation command. This requirement involves the physical
change in state necessary to implement t